The anticorrosion properties of polymer emulsion modified cement-based coating with healing effect on carbon steel were investigated. The change of linear polarization resistance ( ) and electrochemical impedance spectroscopy (EIS) have been used to measure the inhibitive and curative effect of electrodes painted with the coating in 3.5% NaCl solution. The results indicated the high alkalinity of filler (cement) in coating can obviously improve the anticorrosion performance of coated steel electrodes. And the inhibitive ability of cement-based coating with fluoride acrylic emulsion is superior to that of the coating with epoxy emulsion. Moreover, by adding antirust pigments and rust converters in the fluoride acrylic emulsion modified cement-based coating, the inhibitive property was improved and the curative effect can be observed.
Introduction
Durability of concrete structures mainly depends on corrosion rate of steel bars in concrete. In search of ways to extend service life of steel bars in concrete structure is widely concerned by the civil engineering circles. Measures have been tried to inhibit corrosion of steel bars for the past decades. One popular way is application of a coating on the steel bars which can be effective in minimizing the rate of steel corrosion in concrete structures [1] [2] [3] . The most commonly used materials for protecting steel bars from corrosion were epoxy-resin-based coatings [4] . However, the brittleness of epoxy-resin made the coated steel bars more destructible in the process of construction and service. Once the coating is damaged at a local site, the localized anodic corrosion of the reinforcement bar will be accelerated. Furthermore, the higher cost of epoxy-resin caused the coated bars less and less application in reinforced concrete structures. The polymer modified cement-based coating was familiar to us and usually used on the surface of concrete for extending the service life of concrete structures. But fewer cases of the polymer modified cement-based coating are used for protecting the steel bars in concrete structures. Moreover, at present, many construction projects were delayed due to the excessive exploitation of real estate. Large numbers of exposed steel bars in the foundation of construction near the seaside would be eroded badly in a shorter time if no effective protective measures are to be adopted. In this paper the inhibitive and the curative effect of polymer emulsion modified cement-based coating for steel electrodes were assessed. The objective is to develop a polymer emulsion modified cement-based anticorrosion coating with healing effect on steel bar in chloride condition.
Experimental Methods

Coating Preparation.
The polymer of film-forming and the filler have important effect on properties of the coating. For preparation of a high performance anticorrosion coating, in this study, two polymer emulsions and two kinds of filler were selected to test on the basis of considering the PH, viscosity, toughness, strength, and corrosion resistance. And the coatings in this paper can be divided into four groups according to the selected materials. The first coating is epoxy emulsion modified heavy calcium carbonate coating (HYG). The second one is epoxy emulsion modified cementbased coating (HYC). The third is fluoride acrylic emulsion modified cement-based coating (FBC). In order to improve the curative effect for rusty steel bar, the last one is prepared by adding antirust pigments and rust converters into the third one (FBC-RC).
Electrodes Preparation.
The working electrodes were cut from low-carbon steel bars with the diameter of 12 mm and 15 mm in length. The chemical composition (wt %) of carbon steel is C 0.19, Si 0.02, Mn 0.37, P 0.011, S 0.019, and balance Fe. One end of the electrode was connected with wires and then the steel segment was placed in the PVC tube filled with epoxy-resin. The electrodes were polished by silicon carbide sandpapers in the sequence of grade 240, 320, 800, and 1000. Subsequently, they were cleaned in ethanol solution, rinsed with deionized water, and finally dried in dryer.
Electrochemical Measurements.
The PARSTAT2273 and three-electrode arrangement were used to perform the electrochemical measurements. Saturated calomel electrode (SCE) and platinum electrode were used as the reference electrode and the counter electrode. Before painting coating, the working electrodes of three specimens for each group were immersed in 3.5% NaCl solution for one hour and then the surface of electrodes was rusted. Moreover the linear polarization resistance ( ) and electrochemical impedance spectroscopy (EIS) were measured. Then the electrodes were removed from the solution and coated with the four coatings, respectively. 24 h later, the electrodes of surface painted coating were immersed in 3.5% NaCl solution once again. The and EIS were measured after immersion in the solution 1 h, 3 d, 7 d, 14 d, and 21 d. The corrosion current ( corr ) of electrodes is calculated by the formula: corr = / [5] . The value of 26 mV is usually used for the active state, whereas value of 52 mV is more appropriate for the passive steel [6, 7] . EIS was also used to confirm the corrosion rate, conducting at corr with the ac perturbation amplitude of 10 mV in the frequency range from 100 kHz to 1 MHz [8] . An equivalent circuit model (EC) with two time constants was used in the EIS data fitting, as shown in Figure 1 . In EC, is the resistance of electrolyte. po is the resistance of the steel/coating interface. c is the capacitance of coatings.
ct and dl are charge transfer resistance and double electric layer capacitance, respectively. Charge transfer resistance is defined as the limiting zero frequency value of the real part of the complex impedance. It has been reported that charge transfer resistance is more intimately related to the corrosion rate than the polarization resistance [9] . Figure 4 Uncoated FBC Uncoated FBC-RC −5000 
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Mechanism Analyses for Curative Effect
Firstly, due to the polymer emulsion composed of insulating macromolecule organic compound, the high resistance of polymer can hinder the ionic migration from the cathode or anode to the solution. So the polymer emulsion modified cement-based coating has good physical shielding effect on corrosive medium. And the resistance of fluoride acrylic emulsion is higher than that of epoxy emulsion. Secondly, the high alkalinity of cement can form -Fe 2 O 3 and -FeOOH passivation membrane on the surface of steel to protect it from being corroded [10, 11] :
Thirdly, at the anodic zinc phosphate reacts with ferric iron to generate complex. The anodic reaction is inhibited:
And the zinc ion reacts with hydroxide ion to generate sediment layer of zinc hydroxide at the cathode. The cathode reaction is inhibited [12] :
Furthermore, aluminum hydroxide can provide aluminum ion, the aluminum ion reacts with rust, and then the rust is dissolved. Moreover, zinc phosphate reacts with ferrous ion. The phosphate film is formed to inhibit the corrosion of steel.
Conclusions
The high alkalinity of filler (cement) in coating can obviously improve the anticorrosion performance of coated steel electrodes. The anticorrosion property of fluoride acrylic emulsion modified cement-based coating is superior to that of epoxy emulsion modified cement-based coating. Moreover, by adding antirust pigments and rust converters in the fluoride acrylic emulsion modified cement-based coating, the anticorrosion property was significantly improved and the healing performance can be observed. The excellent anticorrosion property may be closely related with the good physical shielding of cement and polymer, and the curative effect of the coating is some link with the formation of passivation membrane, the appearance of phosphate film, and sediment layer on the surface of steel.
